Abstract-Analytic expressions for calculating the average time for delivery of a message, taking into account the effect of subscriber mobility and destructive factors are obtained. The effect of premature discontinuities of virtual connections on the efficiency of data delivery is studied.
 destructive influences which lead to nodes destruction or losses of their working capacity;  other factors, for instance, influence of network overloads and unfavorable jamming situation. In such conditions the average time of message delivery can significantly exceed the average time required for transmission of the appropriate data stream excluding procedures of establishment, closing and possible premature ruptures of the virtual connections. To estimate the average message delivery time in MANET, it is required to receive analytical relation of this value to the average time of transmission of the relevant traffic. At the same time there shall be values of virtual connections ruptures probability preset, which could be caused by mobility of subscribers, influence of the destructive influences and other factors specific to MANET.
II. TASK SET
Let the following values be set:
 tT -the average time of traffic transmission during the message delivery;  tC -average virtual connection establishing time;  tR -the average time required for repeated establishment of the virtual connection;  tCC -average virtual connection closing time;  vD -intensity of virtual connections ruptures caused by mobility of subscribers;
 vM -intensity of virtual connections ruptures happening due to influence of destructive factors;
 vO -intensity of virtual connections ruptures due to influence of other factors;
 n -the permitted number of repeatedly set virtual connections during the process of message delivery. It is required to receive an expression in an analytical type for value tD calculation -the average time of message delivery in MANET.
Dependence of virtual connection premature rupture probability value from time value is subordinate to the exponential law. Then the following expression could be used for probability calculation of that during an interval of time  there will be a virtual connection rupture:
Sum of vM, vD and vO used in formula (1) could be used for average virtual connection existence time evaluation:
While modelling time interval value  could be represented in the following way:
Where value m corresponds to number of identical time intervals, into which the message delivery time process is being split. The bigger the value m, the largest number of conditions of the studied process is considered during modeling and, therefore, its characteristics are defined more precisely.
III. MODEL DEVELOPMENT
Process of message delivery in MANET at m=2 and n=2 is also possible to present the probability-time graph represented in the Fig. 1 . The node "S" corresponds to the beginning of message delivery from source-node to addressee-node. During average time tC virtual connection establishment is carried out. The state in which virtual connection is established for the first time corresponds to the node "C". Transition from node "S" to node "C" is being modeled by function of the corresponding edge:
Transition from node «С» to node «В1» models an event, which is the premature rupture of virtual connection during the time interval . The described transition relates to the following function:
Transition from node «С» to node «Т1» relates to data transfer premature rupture of virtual connection during the time interval  and relates to the following function:
After the first premature rupture of virtual connection it is established again during the average time tR, which relates node «В1»-to-node «R1» transition and is being modeled by the following function: Other graph nodes are corresponding to the following conditions of analyzed process:
 node «В2» -virtual connection premature rupture happened for the second time;  node «В3» -virtual connection premature rupture happened for the third time;  node «R2» -virtual connection is being established repetitively for the second time;
 node «Т2» -during the second time interval  data has been transferred without virtual connection premature rupture;  node «F» -repetitive establishment of virtual connection is unacceptable, message delivery stopped;  node «D» -virtual connection closed, message delivery successfully completed. All transitions to nodes «В1», «В2» and «В3» are being modeled by function fB(z), to nodes «R1» and «R2» -by function fR(z), to nodes «Т1» and «Т2» -by function fT(z). Each transition from node «Т2» to node «D» corresponds to the function:
For TD evaluation it is required to take all transition functions of node «S» to node «D» transitions:
Equivalence conversions allow presenting the graph in a simplified way (Fig. 2) .
Fig. 2. Graph after equivalence conversions
Generating function modeling the node «S» to node «D» transition is represented below:
Average message delivery time could be calculated by formula:
Mathematical models of message delivery process in MANET were developed for other m and n values as well. As a result of trends analyze, discovered in such models, the general formula has been obtained for calculation of value FD(z) at m>=2 and n>=2:
In formula (14) values am1, am2, …, amk, … am(n+1), are defined with the following relations:
IV. CALCULATION EXPERIMENTS
The basic data used for performance of calculation experiments on modeling of various scenarios of MANET application are represented in TABLE I. The calculation results are represented in the Fig. 3 . The analysis of the specified curves shows that growth of intensity of virtual connections ruptures caused by influence of destructive influences and mobility of MANET subscribers leads to increase in average time of message delivery.
Results of simulation showed that in the process of MANET functioning the average time of message delivery significantly exceeds the average time of appropriate data transmission. Value of the relative exceeding of message delivery average time can be calculated with the following formula: 
V. CONCLUSIONS
For an assessment of message delivery average time taking into account MANET specifics the analytical models developed on the basis of mathematical apparatus application of probability-time graphs and generating functions are offered. The expressions allow to calculate value of message delivery average time on the basis of the available information regarding the message transmission average time, duration of establishment and closing of the virtual connection, distribution of probabilities of the virtual connection rupture.
Results of analytical simulation showed that the reduction of virtual connection existence average time caused by influence of subscribers mobility and destructive factors leads to the fact that the message delivery average time in MANET can increase by 45,5% in relation to the average time of transmission of the appropriate data traffic.
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